Although it lacks the precision that is required for a scientific definition, the neologism 'nutraceutical' is evocative and somehow intuitive for those who would suggest that nutrients may have beneficial effects on health, or may promote health, so that nutraceuticals could be compared to medicines [1] . This simplistic and rather vague concept challenges the differentiation of medication from nutrient and wellbeing from health, embracing in a single term investigation of dietary habits, dietary supplements and a variety of compounds, including herbal remedies, which have been characterized in their structure and major biological effects and which may represent the 'beneficial' ingredients of certain diets or traditional medicines. As such, nutraceuticals might be seen as the contemporary equivalent of 'panacea' (Latin panacēa, Greek πανάκεια, panakeia, from panakēs 'allhealing', from pan 'all' + akos 'remedy', Oxford Dictionary), a herbal remedy dispensed to humans by Panacea, daughter of Asclepius, useful against a variety of diseases [2] ; but at the same time may carry all the negative connotations (an illusory remedy) endowed in that term [1] .
Being edible, nutraceuticals are often perceived as safe and are therefore freely marketed as 'fortified foods', 'functional foods' or herbal preparations. However, beyond the commercial interest, the scientific interest in this topic is expanding. The present themed issue, which is based around the course held in Erice, Sicily, at the International School of Pharmacology of the Ettore Majorana Foundation and Centre for Scientific Culture in 2015, thanks to the support of the Menarini Foundation, summarizes some of the major issues in this largely unexplored area of medical, biological and pharmacological research, including defining the limitations of the field and depicting some important and topical lines of investigation.
Theoretical basis
Data already exist in the field of nutraceutical research that are of considerable interest to clinical nutritionists, clinicians, pharmacologists and clinical pharmacologists. However, some points emerge as crucial in this evolving area, and these will be discussed further below. The first is the methodology that should be applied. The second is the quantification and purification of active constituents of diet and their effects in order to define any clinical effect. The third is that of potential pharmaceutical development and related regulatory considerations, as some compounds may display the characteristics of a pharmaceutical agent or may be used as a scaffold for the construction of new drugs. There are several other unresolved issues concerning nutraceuticals: the definition of acceptable levels of evidence, the identification of protocols to be used in clinical trials testing the activity of nutrients, and the application of mechanistic and pharmacological research tools and of evidence-based medicine to herbal remedies and traditional medicines.
Concerning methodology, a comprehensive approach is required, including both clinical and pharmacological investigation. Large-scale or population-based prospective observational studies, along with small-size proof-of-concept studies, are needed for the preliminary delineation of the potential of nutrients. Properly designed randomized clinical trials, supported by rigorous basic research on chemistry, including a thorough quantification of bioavailability and bioactivity, are then required for a scientifically sound definition of biological activity and clinical efficacy of individual compounds, or of well-characterized nutrients. Mechanistic investigation associated with meticulous scrutiny for compounds of potential interest, applying an ethno-pharmacologic approach, should have a central role in this field of research [3] [4] [5] . Basic research requires an integrated approach that includes investigation of the mechanisms of disease and evaluation of appropriate and meaningful end-points [6] [7] [8] .
To this aim, the use of systemic (omics) approaches with appropriate biomarkers and careful quantification of the bioavailability of the chemical entities of interest has been proposed [6] . Concerning the pharmacological applications, biotechnology offers new perspectives showing that plants may be genetically engineered to produce large amounts of drugs or vaccines that can be administered in the required amount as food, and some bioactive compounds contained in food may be used as a model on which therapeutic or diagnostic agents with increased specificity or improved bioavailability can be designed [9] [10] [11] .
Clinical evidence
These considerations are a reflection of past and ongoing research in the field. Clinical research has been largely encouraged in the past decades by epidemiological studies, indicating that specific dietary patterns, the Mediterranean diet in particular, confer cardiovascular protection beyond the contribution of appropriate caloric intake and macronutrient composition, subsequently showing that the high content of monounsaturated or polyunsaturated fatty acids or of polyphenols accounts for the observed reduction in cardiovascular events and mortality [12, 13] .
The refinement of the original hypothesis has been strongly supported by progress in basic science and clinical research in the field of chronic diseases in particular: for example, the identification of oxidative stress and inflammation as major contributors to the progression of atherosclerosis, cancer, neurodegenerative disorders and inflammatory diseases, including steatohepatitis and rheumatologic disorders [8, 14] . A number of in vitro studies and properly designed small-size human studies using biomarkers of inflammation and vascular function as read-outs, allowed identification of a large number of nutrients, such as cocoa and olive oil, that demonstrate a close relationship between intake and biological effects, defining the relationship between intake of 'natural' antioxidants (polyphenols), endothelial function and inhibition of inflammation [8, 14, 15] . The negative results of the large clinical studies with antioxidant vitamins promoted a revision of the oxidative theory of atherosclerosis and the search of mechanism-addressed treatment and prevention taking into account dietary intake of specific nutrients [16, 17] . Major prospective observational research projects are ongoing: the MOLI-SANI study, the European Prospective Investigation into Cancer and Nutrition (EPIC) study (www.epic.iarc.fr ) and the Flora and Athena EU projects [18] addressing the link between diet, nutritional status, lifestyle, environmental factors and the incidence of cardiovascular disease, cancer and chronic inflammatory diseases in the studied population [18, 19] . The Predimed study (www.predimed.es), a nationwide project, is testing in a large randomized study the contribution of some nutrients that characterize the Mediterranean diet, polyphenols and omega-3 fatty acids, in primary prevention of cardiovascular events using clinical and surrogate end-points [20, 21] . Several other compounds not related to a specific dietary pattern are now under investigation, such as nitrates contained in beetroot, proteins derived from milk, conjugated linoleic acids contained in meat, lycopene and cysteine-knot proteins contained in tomatoes and other solanaceae [9, [22] [23] [24] .
Mechanistic insight
Certainly, prevention of cardiovascular disease is one preeminent application of nutraceuticals. This is based on the epidemiological evidence, and the results of mechanistic investigations, showing that vascular endothelium is a common target. This might also explain the pleiotropic effects, a 'panacea-like' activity, of nutraceuticals: dietary nitrates are converted into nitric oxide through metabolism [23, 24] ; 'natural' antioxidant agents acting as scavengers of oxygen radical species increase nitric oxide bioavailability [15] . Enhanced nitric oxide signalling leads to vasodilatory, anti-platelet, anti-inflammatory, neuroprotective and antiatherogenic effects [8, 25] . Modulation of oxygen radical species via inhibition of NADPH oxidase critically interrupts or activates pathways in cellular response to a variety of stimuli, as demonstrated for polyphenols contained in grapes, wine and olive oil, resulting in the disruption of pro-inflammatory signals [15] . Monounsaturated and omega-3 polyunsaturated fatty acids and conjugated linoleic acids are bioactive compounds and precursors of lipid mediators with cardiovascular effects [6] . In most studies intermediate end-points were investigated and reduction in blood pressure, improvement in endothelial function and reduction in biomarkers of inflammation and oxidative stress have been used as evidence of the bioactivity of nutraceuticals [15, 24, 25] .
Perspectives
Nutraceuticals represent neither nutrition nor pharmacology, but instead an evolving new field of research, that may generate a deeper knowledge of the mechanisms of action and the benefits that may derive from the use of evidence-based dietary patterns and the contribution of precisely identified 'nutraceuticals' or components of traditional medicine. The potential applications of nutraceuticals are therefore as multifaceted as the term itself. This may lead not only to a more logical and scientific use of nutrients, but may substantiate a nutritional approach to disease prevention and treatment [26] . Once the hypothesis of benefit has been tested and confirmatory evidence has been obtained, health authorities, from regulatory agencies to local health organizations, should take responsibility for population-addressed interventions. In some cases, innovative medications or diagnostics may be developed starting from investigations on nutrients, herbal remedies or traditional medicine, requiring a claim for their bioactivity, with definition of doses and manufacturing processes -all of which would be in line with standard pharmaceutical development [11] .
In conclusion, the search for the twenty-first-century panacea is under way, but must be based on strong epidemiological data, meticulous scrutiny of compounds of potential interest, and subsequent mechanistic investigation and formal clinical research studies. Pharmacological applications may derive in some cases from biotechnology and clinical pharmacology.
